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PART  I 


TECHNICAL 


REVIEW  GF  THE  1952  TYPHOON  PERSON 

Nature 1 s vagaries  were  not  so  simply  faced  in 
Austral  in-  Monsoon  raj. ns  swooping  across  the  north- 
ern hump  of  Australia  have  created  a rich  patch  of 
cattle-raising  country  stout  the  alas  of  Texas,  But 
in  the  recent  nvonsodn  season  (November  1953-  to  March 
1952),  for  the  first  tins  in  living  memory,  the  rains.- 
dll  not  come , Hot  only  the  northern  pastui'o  land, 
but  the  whole  top  half -of  Australia  began  to  dry  up. 
Within  six  months  there  was  hardly  a blade  of  grass 
in  an  area  the  size  of  Western  Europe . 
the  aborigines,  who  have  been  holding  nightly  roin- 
lasking  ceremonial  dcr.oos,  gave  up  in  despair*  Govern- 
ment nodicino  re  n also  adi'ii  tted  defeat-  radioed 
northern  cattle  man  that  no  relief  eo-ilcl  be  expected 
unitl  next  November- ; s monsoon  (2952)  - if  it  c ore. 


Time,  May  12,  1952 

Normally , outside  of  tha  monsoon  regions  of  the  southern  hemisphere, 
tho  ocrly  months  of  the  year  are  considered  the  dry  season  in  the  tropics, 

t 

But  "dry"  is  relative  to  tropic  "vet:*2se“,  voic-h  means  that  the  "dry**  sea- 
son  is  usually  not  very  dry  according  to  the  atancio^ds  of  temperate  lati- 
tudes. However,  the  experience  of  cv  ttle  non  in  Northern  Australia  was 
similar  to  that  of  all  p-3opl.es  throughout  the  tropical  Western  Pacific 
early  in.  1952.  While  Los  Angelos  was  recording  rainfall  in  double  figures 
and  sufleiing  its  disastrous  floods,  Guam  had  a very  serious  problem  of 
forest  firos*  Lo  so  t«i<u  n s j,x  inches  of  rain  fol  1 021  Gunn  uuxvlxiii  first 
four  months  of  19521 

{ * 

In  the  tropical  Eastern  Pacific,  two  tropical  cyclones  of  major 
proportions  wore  detected  in  the  area  of  the  Fiji  lair. ms  in  January  end 
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INTRODUCTION 


A science  may  be  considered  to  develop  through  four  phases  or  periods: 
i.o.,  Descriptive,  Expin native , Forecasting  and  Control,  Academicians 
would  have  it  that  the  Science  of  Meteorology  has  already  entered  pnase 
three 4 However,  to  tho  typhoon  forecaster  responsible  for  a daily  warning 
service  for  military  installations  and  aircraft,  Tropical  Meteorology 
scorns  barely  into  phase  one. 

Accordingly,  tne  Technical  Section  for  this  report  will  bo  again 

mainly  couched  in  terns  of  descriptive  information.  The  authors  firmly 

believe  that  lengthy  theoretical  discussions  ot  this  point  serve  more  to 
* 

confuse  then  clarify  typhoon  forecasting.  Enough  .accurate  synoptic  infor- 
mation i3  not  yet  avail  able  and  thoroughly  integrated  to  support  or  deny 
.almost  any  ma thexaatic.nl  theory  postulated. 

B.  FORMATION  AND  DEVELOPMENT  OF  TROPICAL  CYCLOIDS 

A perusal  of  past  Annual  Reports  shows  a gradual  evolution  in  thinking 
as  to  the  origin  of  the  tropical  cyclone.  This  evolution  is  attributable 
largely  to  the  influence  of  V,  Bjerknes  streamline  models  as  applied  by 

m 

M Tp  cf  mrltr  p~Ar»»»nT*i  4 v>  t Via  l*Joo  + <r\r*w  K Uoa4  ■f'i  n 

O#  Cj  9 ArG-iTnyi  •_  i *1  L J L’  1 UJ  iiiCiO  UVJl.  JLJ  ih. « vu  1 1 W 1 »>**»-*  »»kv  v wv*  ii  X'  w»*  A.  v*wa.4.  a v 

■ 2. 

Ocean. 

Emphasis  in  the  latter  techniques  is  upon  low  level  analyses  and 
oho  noma  na.  Consolidated  Reports  on  tills  year’s  Tropical  Cyclones  show 

I 

that  22  out  of  27  storms  wore  immediately  recognized  as  developments*  of 
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Analyses  of  charts  oontr in-r.r>g  uirdp  at  14,000,  20.0C0  ard  *50,000 
foot  were  accomplished.  Streamline  flow  at  these,  levels  were  shown. 
The  paucity  of  data  covering  the  af en  encompassed  by  typhoon  develop- 


ment rnsde  it  mandatory  to  maintain  strict  continuity  from  rrsap  to  map. 

An  attempt  was  made  to  explain  all  vertical  and  horizontal  variations 
in  the  wind  field  at  each  available  station  by  a logical  and  consistent 

I 

pattern.  This  pattern  gradually  evolved  into  a slight  modification  of 
the  Palnsr  application  of  3treomiinBS  for  singularities  in  the  wind  field 
particularly  at  latitudes  below  25  degrees  North.  50C-and  300-millibar 
heights  were  added  to  the  appropriate  charts  to  aid  in  determining 


whether  a wind,  field  singularity  was  that  cf  a neutral  point,  source  or 
sink  region.  Time  Cross-Sections  of  the  vertical  wind  field  were  used 
as  particular  aids  in  tho  analysis  at  each  level. 

Increasing  familiarity  with  this  type  of  chart  led  to  several  in-  . 

t 

toresting  clues  about  the  formation  and  development  of  typhoons.  All  of 
these  ideas  are  empirical  in  nature.  No  attempt  ha 3 been  mode  to  relate 
these  findings  to  dynamical  formulae . 

In  an  ai'ticle  on  the  formation  of  typhoons  published  in  1948, ^ Dr, 
Riehl  recognized  the  presence  of  individual  vortices  embedded  in  the 
easterly  flow  at  the  200  millibar  level.  Our  data  and  analyses  during 


this  peat  season  have  indicated  that  similar  vortices  are  also  present 
at  many  levels  below  the  200  mb.  surface.  Nine,  fourteen,  twenty  and, 
thirty  thousand  foot  charts  show  such  vortices.  Any  unit  singularity 
may  affect  only  a shallow  layer  and  be  visible  at  only  one  of  those  level 
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easterly  waves  or  vortices.  Of  the  five  remaining,  two  (ROSE  ord  ELAINE) 
appear  to  be  also  from  easterly  waves  * two  (IVY-- JEANNE)  apparently  were 
not  true  tropical  cyclones,  and  one  (CILDA)  appears  to  be  a secondary 

development  of  a preceding  a torn  (FREDA) , Elsewhere,  ^ the  theory  la  ad- 

! ! *:•  ; «r-  if 

vancod  the  L the  easterly  wave  is  a development  of  a vertiginous  circula- 
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C,  E.  Depperraan  in  an  article  published  in  194 3 A mn.de  the  following 
statement:  "That  upper-air  conditions  may  play  an  important  part  in 

typhoon  formation  we  have  no  doubt,  otherwise  it  would  be  difficult  to 
explain  why,  with  apparently  almost  identical  surface  conditions,  we  may 
in  one  case  get  a typhoon,  and  in  the  other,  perhaps  only  a depression, 
or  nothing.”  Certainly  orje  cennot  disagree  with  this  statement,  Many 
feel  that  the  upper  air  holds  the  key  to  successful  tropical  forecasting* 

During  the  season  just  past  sone  empirical  informnt.ion  orv  the  re- 
lationship of  upper  level  systems  has  been  obtained.  Some  new  ideas  are 
suggested,  which,  it  is  hoped,  will  continue  the  evolution  toward  an 
integration  of  all  information  into  a single,  understandable  model  of 
tropical  weather  systems* 


Andersen  Forecast  Center  found  it  advantageous  to  form  a separate 

upper  air  section  in  August  1952.  This  section  was  primarily  designed 

> 

for  more  accurate  forecasting  cf  high  level  winds.  It  so  happened. 


however,  that  the  Cffioer  in  Charge,  of  the  section  was  also  a member 
of  the  Typhoon  Board.  This  proved  valuable  in  relating  upper  wind  flow 
to  the  formation  and  development  of  tropical  cycloids. 


Analyses  of  charts  containing  winds  at  14,000,  20,000  nrd  30,000 
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feet  were  accomplished,  Streamline  flow  at  these,  levels  were  shown. 

The  paucity  of  data  covering  too  area  encompassed  by  typhoon  develop- 
ment  made  it  mandatory  to  maintain  strict  continuity  from  map  to  map. 

An  attempt  was  made  to  explain  all  vertical  end  horizontal  variations 
in  the  wird  field  at  each  available  station  by  a logical  and  consistent 
pattern.  This  pattern  gradually  evolved  into  a slight  modification  of 
the  Palmer  application  of  streamlines  for  singularities  in  the  wind  field 
particularly  at  latitudes  below  25  degrees  North,  500-end  300-millibar 
heights  were  added  to  the  appropriate  charts  to  aid  in  determining 
whether  a wind  field  singularity  was  that  of  a neutral  point,  source  or 
pink  region,  Tima  Cruss-Saotions  of  the  vertical  wind  field  were  used 
as  particular  aids  in  the  analysis  at  each  level. 

Increasing  fnadlierity  with  this  type  of  chert  led  to  several  in- 
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teresting’ clpe3  about  the  formation  and  development  of  typhoons.  All  of 
these  ideas  are  empirical  in  nature.  No  attompt  has  been  node  to  relate 
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In  an  article  on  the  formation  of  typhoons  published  in,  194&*:'  Dr, 

Rio  hi  recognized  the  presence  of  individual  vortices  embedded  in  the 
easterly  flow  at  the  200  millibar  level.  Our  data  and  analyses  during  ’ . 
this  past  season  have  iriiice.ted  that  similar  vortices  are  also  present 
at  many  levels  below  the  200  rib,  surface.  Nine,  fourteen-  twenty  end. 
thirty  thousand  foot  cherts  show  such  vortices.  Any  unit  singularity 
may  affect  only  a shallow  layer  and  to  visible  at  only  one  of  these  levels. 


However,  many  cases  will  be  found  with  vortices  cf  sufficient  vertical 
extent  to  show  on  more  than  one  levels  If  a vortex  is  present  in  only 
one  sliallow  layer,  associated  waves  are  generally  present  above  and  be- 
neath  the  layer  in  which  the  ^Tjgcldsd.  * 

Once  the  existence  of  these  wind-field  .singularities  was  established, 
and  it  was  found,  that  continuity  could  be  maintained,  such  vertices  con- 
tinued to  appear  associated  .in  3onn  fashion  with  easterly  waves  or  sur- 
face vortices  which  became  typhoons.  .'What  is  normally  carried  as  a 
3trong  easterly  wave  is  also  generally  indicated  by  an  associated  per- 
turbation extending  as  high  as  20,000  feet.  This  nay  be  a vortex  or 
Merely,  a wave  perturbation  at  the  upper  levels . 

Fluctuations  in  the  upper  wind  field  over  a developing  surface  vortex 
appeared  frequently  to  be  best  explained  by  sore  type  or  dual*  or  double 
vortices,  with  a neutral  point  between.  No  rscro  than  two  upper  level 
vortices  were  noted  to  be  associated  with  ono  surface  perturbation,  and 
they  most  often  appeared  to  be  oriented  in  a North-South  direction. 
Occasionally  the  orientation  appeared  to  be  East-West. 

In  the  oase  of  typhoon  OLIVE  considerable  additional  work  was.  done 
in  studying  the  wind  field  relating  to  the  development*  All  available 
wind- data,  from  aircraft  and  upper  air  soundings  were  used.  The  best, 
analysis  of  the  9000  foot  wind  field  at  or  near  the  tine  of  the  most 
rapid  development  is  shown  in  Figures  2 through  5.  This  N-5  double 
vortex  was  noticed  algo,  particularly  in  the  incipient  stages,  with 
ELAINE,  FAYE,  DELLA,  WILMA , ffia,  and  HESTER. 


In  addition  to  the  wind  field  analysis  of  ixie  streamline  chart,  a 
careful  thermal  analysis  was  added  for  the  500  and  200  r>b  temperatures. 
This  analysis  included  the  use  of. steer  vectors  for  isotherm  orientation 
at  individual  stations.  The  shear  vector  wa3  determined  by  the  vai'tical 
cnangc  in  wind  between  levels  surrounding  the  20,000  and  30*000  ft 
charts,  Specifically,  the  shear  between  ].£  n-nd  25,000  foot  was  used  on 
the  20, OX  foot  chart  and  the  shear  between  25,000  and  35,000  feet  for 
the  30,000  foot  chart. 


This  thermal  analysis  has  also  contributed  some  information  on  typhoon 

development.  It  was  observed  that  the  original  surface  vortex  came  under 

the  influence  of  a pocket  of  air  aloft  odder  than  its  surroundings  at 

20,000  and  30,000  foet  prior  to  the  development,  in  addition  to  a double- 

vortex.  Once  typhoon  intensity  was  reached,  however,  the  air  over  the 

storm  immediately  became  warn  relative  to  the  surrounding  atmosphere , 

The  mechanism  involved  in  typhoon  development  when  related  to  these 

upper  air  vortices  ha3  not  been  thoroughly  evaluated.  Some  qualitative 

1 

explanations  can  bo  suggested: 

1,  Twin  vortices  when  close  enough  to  each  ether  nay  show  a rapid, 

Fujiwhara  rotation,^  and.  coalesce  and  deepen  into  ono  system.  This 

7 

mechanism  was  indicated  in  the  case  of  OLIVE  . 

2.  The  neutral  point  between  two  adjoining  vortices  can  be  considered 
as  an  area  of  mass  divergence.  This  may  then  be  t/ie  divergent  area  aloft 
under  which  a surf*  ce  vortex  is  theoretically  required  to  move  before 
intensification  can  take  piace. 
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It  mat  be  pointed  out  that  this  is  not  considered  to  be  the  only 
nechanisn  which  may  lead  to  the  development  of  the  tropical  cyclone. 
Because  of  the  wide  gaps  in  data  in  tropical  regions,  small  bits  of 
information  must  be  gleaned  froii  ebbh  Situation  in  which  reporting 
stations  are  properly  located  relative  to  the  storm  areas.  The  evidence 

__  C> 

obtained  from  the  EIAINE-FAY&  situation  strongly  indicates  that  the 
upper  air  singularities  aro  not  in  themselves  enough  for  the  develop- 
ment and  maintenance  of  a strong  stable  vortex  or  typhoon. 

The  upper  level  double  vortex  idea  appears  to  1x3  a new  thought  as 
as  the  Board  is  able  to  determine . Such  an  idea  may  be  implied  in 
the  statement  of  RiGhl’s  in  the  Compendium  of  Meteorology^  cn  tropical 
systems,  where  tie  states:  rtIf  a storm  is  situated  as  described  above, 

it  will  bo  flanked  by  other  vortices  east,  west,  south,  and  frequently 
even  north  especially  in  the  upper  troposphere-  A mean  zonal  motion 
does  ‘not  exist  at  high  levels.  Attempts  at  forecasting  must  turn  to 
the  relation  between  the  upper  vortices.” 

Actual  evidence  of  North-South  oriented  double  vortices  have  been 
found  within  a height  trough  in  northern  latitudes  this  year  on  Patrol 
flights  from  Hawaii  am  Buzzard  flights  from  Yokota. 


C.  MOTION  OF  TROPICAL  CYCLONES 

Deductions  in  Meteorology  are  always  dangerous.  Invariably  the  in- 
dicated deduction  is  made  on  a period  of  tine  too  short  to  be  truly 
representative  of  the  total  years  in  which  terrestrial  weather  has 
existed.  The  authors  will  dezinitsly  be  guilty  of  this  by  suggesting 


that  tho  danger  areas  for  tropical  cyclone  development  can  always  be 
detected  by  proper  use  of  t'nq  Easterly  Wave  Program  and  upper  'air  3T,reur>- 
line  charts,  xet  the  past  season  indicated  this,  • , 

I 

Once  a suspicious  area  was  recognized  synoptic ally,  an  aerial  recon- 
naissance aircraft  vns  dispatched  to  verify  the  indications  and  follow 
the  developing  storm,.  Rarely,  did  any  system  develop  which  had  not  been 
previously  anticipated. 

After  a storm  or  typhoon  has  boen  detected,  the  typhoon  forecaster’s 
problems  multiply.  He  must  decide  where  tho  storm  in,  within  one  tenth 
of  one  degree  of  latitude  and  longitude , and  forecast  the  2 4 hour  move- 
ment within  the  some  limits.  He  has  two  aids:  reconnaissance  fixes  and 
synoptic  situation.  If  the  time  of  fix  occurs  near  the  valid  time  of  the 
bulletin,  or  the  storm  is  affecting  one  or  .more  reporting  stations,  tho 
problem  of  location  is  relatively  simple.  If,  however,  no  fix  has  been 
received  for  the  previous  12-13  hours  and  no  reporting  stations  ore  near 
the  storm  track,  then  n proper  determination  of  the  system’s  notion  is  . 
all  important.  Add  to  this  uncertainty  the  requirement  of  a 24  hour 
forecast,  and  the  typhoon  duty  forecaster  seems  almost  to  be  groping  in 
the  dark. 

In  recognition  of  this  problem  the  pages  written  in  past  Typhoon 
Annual  Reports  on  the  movement  of  tropical  cyclones  outnumber  those 
written  on  the  formation  and  development  of  such  systems,.  Likewise,  in 
the  limited  sampling  of  technical  publications  available  to  tho  Hoard,  a 
similar  trend  is  noticeable. 
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Urd'ortumtoly,  nost  of  the  forecasting  rulos  which  have  been  deduced 
wore  developed  from  post  analysis  studies  and  are  therefore  subjective 
in  nature.,  In  general,  none  is  sufficiently  objective  and  quantitative 
to  be  valuable  in  the  day-to-day  requir^tottta  of  the  duty  forecaster. 

For  example,  several  past  Annual  Reports  have  carried  typical  upper  air 
flow  patterns  which  cause  tropical  cyclone  recurvature . These  are  very 
pood  as  far  as  they  go.  But  it  is  difficult  and  even  impossible  to  draw 
en  upper  air  analysis  baaed  on  one  station  for  every  700  miles  which  can 
accurately  indicate  depth  and  intensity  of  a system,  without  sono  addi- 
tional objective  information. 

The  authors  of  the  3.949  Annual  Report  point  out:  ” Because  of  the 

lack  of  data  at  higher  levels  in  the  Pacific,  the  700  mb  chart  is  most 
often  used  to  estimate  the  steering  current.  Naturally  this  some  time  a 


i.fjndp  to  erroneous  forecasts,  as  with  Tv^hoons  PATRICIA  and  ALLYN,  v/ho 
were  both  forecast  to  recurve  in  advance  of  westerly  troughs  in  the 
vicinity  of  135  degrees  East  longitude.  Neither  did  so  because  the 
troughs  were  not  as  deep  as  they  appeared  on  the  700  mb  charts.  On  the 


other  hand  the  troughs  that  finally  caused  both  of  these  stems  to  recurve 
did  not  appear  sufficiently  deep  on  the  700  rib  chart  to  effect  such  re- 
curvature  * " iho  sms  problem  has  boon  experienced  during  t-UL?  season, 


It  will  to  the  prupose  of  this  section  to  indicate  a possible  objective 
method  by  which  recurvature  can  to  forecast  more  accurately.  As  yet, 
the  proposed  method  j.3  a post  analysis  development  and  nay  be  subject  to 
some  of  t.h?  objections  already  mentioned.  It  is  unfortunate  that  time 
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ha?  not  permitted  testing  the  method  in  actual  day  to  day  forecasting 
"before  this  report  is  due.  Nevertheless,  the  concept  is  "believed  to  be 
of  sufficient  'value  to  warrant  reporting. 


Elsewhere  we  have  included  a climatology  study  dividing  past  typhoons 

into  several  classes  or  types  by  means  of  their  development  region  and 

track.  For  purposes  of  this  section  vc  shall  further  simplify  this. 

Roughly,  we  can  divide  all  qtorms  into  two  classes,  one  in  which  the 

cyclone  mores  in  a more  or  less  straight  end/or  slowly  curving  path  in  a 

direction  from  beginning  to  end,  and  a second  cl&se  in  wlich  the  path. 

shows  marked  deviation  from  such  a track*  This  latter  phenomenon  is 

generally  accorded  the  name  M recurvature n*  Actually  the  term  re  curvature 

is  a misnomer  so  it  is  well  to  define  exactly  the  meaning. assigned  it 

herein.  For  the  purposes  of  this  report,  therefore,  ro curvature  is  de~ 

12 

fined  to  refer  not  only  to  a "major  alteration  of  a storm  track",  but 
a,lso  to  any  o term  track  which  has  taken  pn  an  easterly  component,  even 


though  the  change  may  be  too  gradual  to  apply  the  term  "major  alteration". 


^ 1 - 4 ~ 4-  -5  ~ * ~ 


immediately  apparent.  The  first  class  can  be  very  accurately  forecast 


by  use  or  either  plan  extrapolation  or  modified  extrapolation  which 

10 

takes  into  account  slight  changes  in  direction.  The  second  class  can 
be  forecast  by  extrapolation  until  recurvature  is  indicated  and  approp- 
riate modification  mail©  to  allow  for-  the  alteration  of  direction.  The 


difficulty  then  is  in  deciding  when  recorvatuye  is  indicated. 


The  prooabiiity  exists-  that  recur  vo-turn  prior  to  or  at  the  longitude 


of  Okinawa  can  be  forecast  by  using  a graph  of  t,ne  500  mb  temperature  at 
this  station.  Graphs  of  the  500  mb  temperatures  and  heights  over  Okinawa 
and  Iwo  Jima  have  been,  prepared  for  the  1952  typhoon  season.  Hinds  at 
500  mb  have  also  been  included;  ' rdadily  apparent  that  the  tempera- 

ture change  is  more  representative  of  the  strength  of  a trough  than  i s 
the  height  change  or  wind  shift  shown  at  Okinawa.  The  change  in  tempera- 
ture appears  much  more  indicative  of  probable  recurvature  than  doeB  tne 
change  in  height.  This  is  further  evidence  of  the  empirical  data  which 
indicate  that  the  height  of  the  base  of  the  westerlies  and/or  the 
westerly  wind  component  over  tropical  or  subtropical  regions  can  be 
closely  correlated  to  the  depth  of  the  temperature  trough  aloft  at  sta- 
1 1 one  t c the-  nor  th.  ^ 

Portions  of  the  graph  are  reproduced  herewith  as  Figures  6 and  7. 
Inspection  cf  Figure  6 which  contains  the  temperature  and  height  traces 
during  the  period  of  THIZ  and.  WlIML  shows  that  very  warm  air  moved  in  » 
at  500  mb  over  Okinawa*  Except  for  minor  fluctuations  of  i to  3*5 
uwgrses  the  temperature  slowly  rose  throughout  most  of  the  existence 
of  TP IX,  and  slowly  fell  during  ’./ILMiU  No  recurvature  occurred. 

Conversely,  thw  traces  on  CAIu-iSIi  and  DELIA  in  Figure  7 show  the 
appearance  cf  the  curves  prior  to  the  recurve. turo  of  each  typhoon. 
Generally,  if  the  temperature  change  at  500  mbs  is  greater  than  minus 
1,5  degrees  at  Okinawa,  and  does  not  warm  up  to  the  former  value  within 
13  hours,  this  cold  air  will  lead  to  a recurvature  of  the  storm  path* 

The  storm  must  ba  in  tne  sector  approximately  bounded  by  10  P and  20  IT, 


HOC 

iSHHiaiiis:.' 


!•■■*■■  »*B*I 


IcnSaiim 


;::t :::::: 


■rjeiw 

Hhtiiicvi 


[mmiHMWKi 

l«n«i4au^i|iiiai 


MMaSSafit#; 

laaaaaaa*^ 


:::n: 


: ; L;  : . . : , 

j 

:::  Lilt  iiii 
, • ; ' 

i-t-j-t 

4-1  4 • 

iin 

i— - • • 

rffi  i 

.... 

- ;'LiJ 

Tjgtfett 
Htlr 1 

£M[i 

rn::  ^ 

IS 

Hij 

’ \ ' 

1 3 

i $j 

NOV 


L!7 


i 18  ! 19  20  21 

' i , 

! I j 

I • 


22  . :23  24  25  2fi 

i 

I 

FIG7 


and  isgn  r.:i<3.  igv.vj  tr.  hr  r rf acted.  X*  5?  expected  that  tha  addition  of 
the  Hong  Kong  reports  will  aid.  in  forecasting  re  curvature  of  storms  west 
of  Okisawtie  ‘.’.'he  saiiio  relat2.0n3a.ijj  of  f>0»  '>  T,h  t ci'iOb r»tu“ « n >"*d  storms  south-- 

rtfs  CT  '$*  Tta.4”  . T Jl  TA-r%  ■*  « n~!  f\  •*  wvni  virtt*  ■*■  ■*  v%  ~f  V WTT*fd  r>  /t  <3  ir^GTirTO  A 

wU.»  li  ^>«r«  w ■»»<.»  «.I|J  '.**•  %» »<  UU  S'  <i U * *-*»*■*"-'  ^ - 

nez-  of  recuivutui.:  is  do  termed  by  the  location  of  the  store:  relative 
to  the  axes  of  the  upper  level  anticyclones  aui  the  depth  d£  the  tempera- 
ture trou^i  esr'.s sins  Okiai.ua-.  K»e  closer  the  center  is  r.n  the  westerly 
flow,  the  ■ 3n&.llor  tnc  tempei'&tur©  chaag*  necessary  to  bring  the  westerlies 

CLOVTX1  TO  v.tlG  3 TOXiH  v*C«Ci£* 

it.e  Board  feels  that  this  re th od  cf  forecasting  recurvature  is  of 
value,  aad  intends  to  test  it  obi actively  during  the  1353  season*  ~y 
\-fatching  the  upper  air  terpare.t\tre  changes  at-  stations  to  the  northwest 
ox.  the  typhoon  track  it  its  possible  to  forecast  the  loitering  of  the  base 
of  the  westerlies  ahead  of  the  atox'u*  Only  by  additional  experience  with 
this  rs  tbod.  can  the  exact  relationship  be  determined  between  the  depth  of 
tins  cold  air  and  the  time  taken  for  the  ifese  of  the  Westerlies  to  work 

d C v7H  vO  t*L6  "*  a t G 0-  St  03753  ^ rtT.*  ^^OTTZZ**  n rt <u y\  n no Qrvnn  p: f: 

far  to  obtain  this  information  since  the  ideas  herein  have  mainly  been 
developed  on  post-analysis. 

ITo  discus sica  of  a proposed  objective  forecasting  method  for  ro- 

curvature  would  bo  complete  without  verifying  its  application  to  typhoon 

1 A 

w An  **f  QfwO  * ’*  tVt.  4 a a ^ AY\n/i  » ^mV.  a oy>  *•  * 

24  hours  aftar  passing  Gnam*  It  proceeded  on  a smooth  track  of  about 


300  degrees  for  another  24  hours,  decelerated  and  started  to  recurve 


Thic-  at temp tod  r n ov-i v t u.-.“ u f^-ilod  wauii.  fe  storm  completed  5.  loop  and. 
conlimmd.  head ing  directly  for  Okinawa,  Alter  one  more  minor  irragn- 
lR.rii.y-  in  the  trr> «k  the  storm  #».r»>s».xod  to  do  certain,  of  striking  the 

■ ■ ii*,vv  ' '-y  ■ . 

Island  v?  th  full  force,  only  i-b  ‘-arp-tly .'‘.jfstrervc  to  the  8E  within  120 

railoc  or  the  base.  . • 

A stnay  of  the  500  mb  temperature  tre.CC  &£  Ckine.il.  shews  that  a 
temperature  drop  of  ever  3 degrees  occurred  bo  hours  in  advance  qx  the 
closest  approach  of  A6HES  to  tlio  island.  Kb  inf  ores,  lion  as  to  the  speed 
of  this  temperature  trough  is  known  in  the  absynce  of  data  fartihir  to.  the 
’Test.  To  be  the  trough  into  which  AGK3SS  recurved  the  cold  air  would 
have  had  to  he  moving  about  5 knots,  A normal  speod  between  Okinawa 
and  Iw-c  .Tima  has  been  noted  s,o  be  nearer  15-20  knot-s*  In  this  case 
rocurvature  would  have  been  forecast-  to' occur  «hout  500 ‘miles  Sast  of 
where  it  lid.  It  remains  to  be  sr.an  Whether  erperienco  with  this  fore- 
casting  tool  will  lower  this  error.  It  it  oncoujaging  to  note,  howe^or. 
that  the  racurvaxure  which  did  take  place  was  indicated  in  postamlysiu 

it.  C AA  mK  a i*.  «• « T in.  » • 
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forecasting  the  xaovcaen  fc  an  attempt  has  neon 

*tl‘K  *''■'*  'I  ’• 

nadc  to  classify  tropical . Cj  clone  * into  individual  types  or  c’aswos 
without  regard  to  the  month,. 

The  paths  of  all  tropical  stairs?  and  typhoons  t'ror-  iy^  thru 
i'Js»S  vers  aiviaod  into  fi^  classes  and  entered  on  the  appropriate 
charts.  After  thu  paths  wore  entered  it  *?ae  apparent  that  some  of 
the  o lassos  could  ho  further  euh-di.vi6.od,  rigors  6 -shews  the  moan 
track  of  each  class  and  sub-class. 

Vhen  all  the  paths  of  ’he  eight  year  per  ion  S0r.u  entered  it  was 

noticed  that  several  of  the  tracks  could  have  been  classified  ns  ho- 

. ’ .... 

longing  te  acre  than  one  class  ar.d  that  tha'rfe  was  considerable  jjj - 

dividual  interpretation  as  t©  just  what  class  a few  of  the  tropical 

eye  J_07,0  G CdCzigCd. 

This  is  uadorstandablo  in  view  of  the  erratic  sncL  s one  tines 

. / 

unpredictable  paths  that  nany  tropical  storms  and  typhoons  follow. 

,?ho  158  tropical  s ionic  and  typhoons  uu  which  research  ',-s.s  done 
were  separated  into  the  following  classes* 

CLASS  Is 

Class  I represents  SG.S??  of  all  the  tropical  stems  and 
typhoons  reported  during  the  past  sight  years,  fhsy  are  the 


16 


tropical  stoi-nw  and  typhoons  that  develop  Lo.vcon  the  jflastom 
Cardins  and  Marirnas  Islands  and  move  mo c t-ncr t }v.»g 5 tv>ard . 
eorvir.g  generally  ‘between  15°  V and  25*  If  and  teVv»««n  140°  E ar 
125°  & 

This  class  is  Bay-divided,  into'  1A  and  1BS  dub-ci&ss  IA 
.I'ooin  vtiu  »«is  t of  15j0  Ktii  l.i  the  na.lor  l-ty  of  cases  parses 
uOut-b  of  Japan.  Sub-class  IB  recurves  west  of  120°  2 and  in 
the  ca.iority  of  cases  passe©  thru  the  Syukyus  end  over  Japan. 
OhaSti  2: 

These  tropical  stax-us  *md  typhoons  genera  v-e  in  thr- 
CJai'dino  Islands  or  in  the  region  between  the  Eastern  Carolina 
and  Marianas  Islands*  They  now  on  a vest  to  northwesterly 
•X‘*jLrss  and  pass  ovor  or  near  the  Pniiipp incs.  This  class  is 

r.hr^r.  an)\^ftlnnohC  ^ #Tf?  ^^4  *1/' 

*»'•  V.  ^VAUvm  — — - W w vrto  iVUavm  CJ*A  *3  fUUf  Cb^-O.  f.JK/9 

Sub-class  A consists  of  tTrouics*.!  s»om«  end  typhoon 0 that 
generate  in  the  Caroline  Islands  and  novo  on  b,  vest  to  north- 
west course  passiug  thru  the  central  Phil  ip-pines  and  usually 
moving  ini  and  b©  tween  Hainan  Islands  and  Hong  Kong* 

S>ub-sl&3s  •.’  _ lc*cs  between  10°  3s  and  the  southern 

• mi_ . «•  . 1 . _ . 

mvVJ  fiiuosi;  oo  idiw  ttiiCl  pF*.r  3 no^r  c-r 

■jvA  iTvrnosev*  "Fron  here  tiicy  Lv  V£>  OV©2:  via -j  ciS,.wtC*.X  CO £4 2 *5  01 

V 

China,  into  the  Yellow  Sca»  over  Korea?  then  into  tho  Sea  cf 
Japan,  where  they  diesiipate. 

Suh^class  C develops  It  th o sans  tiiei.  as  and.  usual xy 
par, a a short  distance  south  of  the  southern  tip  of  Formosa  vnd 


JL  i 


ullv/Xi.o9  4-jj.  wO  i7ix  umn&» 

Glass  2 e-uupriaert  28  .-6#  of  the  total  uuBber  of  tropical  atoms 
slid  typhoons,  This  class  ^oatr-ins  the  largest  percentage  of  all 

ut  i- ,l  v.-  fr* 

the  tropica],  stomas  ar-d  typhoons,  - 

*wi 


This  glass  develops  in.  the  Central  Caroline  Inlands  aiid  mores 
on  a w-?5t— nor thwea  torly  course  p&tming  thru  the  northern  half  of 
the  Philippines*  It  rakes  up  lb. 3%  of  tho  total* 

Class  .V  i«  sub-divided  into  sub~cla3Bes  ZA  and  SB. 


Sub-class  Ed  passes  thru  the  Central  Fnlllppines  *-.ad  moves 
nearly  straight  westward  to  the  french  Indochina  coast,  • 


Sub-class  SB  noves  over  Luiion  and  vocurvas  sharply  t . psesin^ 
Dacwssn  Northern  Luzon  and  Pornosa*  Iron  there  they  aove  on  an 
eno  t~nor thesae tarly  course  passing  thru  the  xyukyus  and  dissi- 
pate wolj.  .south  of  Japan, 

GL4SS  4i 


This  class  consists  primarily  .-f  tr epical  stores}  and  typhoons 
that  spend  cost  of  Vncrr  11fe  neat  of  140°  X and  occcr  14,9$  qt 
tho  tine,  • ♦ • 


L:  curvature  in  this 


class  generally  oucors  at  a higher 


latitude  than  in  tho  previous  o3ast,«o  with  the  possible  exception 
af  sub-class  SB,  The  mean  track  oar  this  class  is  Of  little  signi- 
ficance since  there  i«  -treat  variation  in  the  individual  ironical 
stern  and  typhoons. 


• Vfr  *1  y*  y S?5r®>R^R:‘  ’*»s**t< 


>71188  X: 

loiu  i aia  ulevBH  have  ysrc  placed  all  erratic  p-iths  that 
could  nob  be  clo&rly  class S fled  by  cay  ox  the  previous  classi- 
ficatloass  Aa  in  nost  of  &h*  other  cl&SBea  it  is  possible  tu 
reclassify  some  of  the  track;;.  In  actual  practice,  however > 
thia  would,  bw  of  little  consequence  since  tx«*  co^vrovcrsial 
tracks  vary  considerably  fron  the  ns  an  track.  Class  X ays  fens 
have  been  and  will  continue  to  bo  difficult  to  for  coast.  -They 

4) 

arc  includad  primarily  to  spsount  for  the  baiituco  of  tropical 
stems  and  typhoons,  ‘i'bo  fact  th»-  t systems  in  thia  class 
occur  16;?$  >Z  the  firs  is  ir^oitsnt  since  the  forecaster  can 
anticipate  throe  to  fora?  syateca  of  this  class  will  develop  in 
t*  ~n.vrz jbj.  *■  yuru*  m 

Jigure  14  shows  fhd  nonths  oi  the  yo&r  that  each  cf  U.ooo 
and  auT>~uls.osos  is  nos t likely  bo  occur,  also  the  percentages  end  nstm 
valttea  of  each  type  are  given. 
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statistical  study  for  jyhS  thru  19& 


study  hsc  beer  made  ci‘  all  the  trorrcLccu.  a terms  occurring  dur- 


J.'-  - X O . 


4At':<  J../U.J  vtu  U.  J~ / Ji..  i i.  i:goc  VOU*i_0  aU*-V4  J.S/ 

First,  data  were  available  at.  the  TFfHdoli  Earning  Center  Tor  these 

!*  " ' 7.  .*V*4  . vV*  v 

year 3 arid  secondly,  data  obtained  during  these  year;;  were  obtained 


• •»»•  — La  ov.or, 


re  -typo  reconn axss sn  ce,  nhrrsc  bronen  or  r-ns  server0.,  ynd  by 
■ocrscnncl  n"‘  ‘ h similar  ouaii  f$.  C'*bi  nas  ; 

These  results  of  ?.9l'5~195?  reasons  are  compared  with  the  results 
of  38  seasons  described  in  the  publication  ’’weather  and.  Climate  ox 

vi 

China-5  Report  i!o.  b'yO,  he  ather  Divisior , hq„  *-i?,  borch  1913. 

Figvore  17  shows  the  close  similarity  among  the.-  seasonal  die  ■ 
tribi tion  c-i  the  selected  periods ■. 

During  the  38  year  period  the  mean  number  ci’  ays  terns  which  arc 

i' 

aocuiued  to  ne  t.ropxoax  3 toms  enn  typhoons  xs  2c»J.  per  y2‘^r«  ror 
. the  19«5'*1752  period  the  mean  is  21..0  per  your. 

■Since  2?  named  systems  were  accounted  for  in  Typhoon  Bulletins 
during  1932,  it  would  appear  at  first  that  the  1952  reason  ir,ae  the 

mnsr.  active  in  the-  past  exp’-.h  ™c art. • 

'This  is  not  necessarily  a Tact  since  upon  closer  examination  it 
C 3i  ue  easily  eixuv-Tx  tlV*v  j.  Vi  uxxCi  oiAihii-  O*  id  u i.'ild  have  bCCil 

serried  ns  one  system.  The  tropical  3 terms  n aired  Fi^SD..,  OIIDu,  and 
could  h-wo  ho*m  «nti»*e  j y disregarded  as  far  ,-15  aecoiaplioii  lug 
the  mission  of  the  Typhoon  ' — in g Center  is  concerned.  Typhoons 
SJ.ia22S!  -aid  F*CEE  wre  actually  of  t-hc  some  system  and  could  therefore 
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pvt*  *> 


l*T-  «•  - 


» «**  V*V 


have  been  carried  under  one  name 


a total  of 


. .<itn  the- co  del*  tiers 
22  eye  tens  could  be:  accredited  to  the  195?  season  which  coaid  make 
the  c canon  normal  in  the  number  of  aye  tern  but  abnormal  in  distribu- 


Figurc  io  chot/c  the  comparison  of  the  mean  and  monthly  per- 
centage distribution  for  selected  periods.  The  close  igrccment  be- 
tvjccn  the  data  for  the  38  seasons  the  19^5-1952  seasons  (figure  1?) 
appears  to  indicate  that  there  h^o  been  no  notice  ibid  increace  in  the 
number  of  typhoons  or  tropical  storms  developing  or  being,  detected 

charing  the  past  8 year  peri  or’,  -ctuhLly  the  comparison  is  strictly 
> • • • • 

numerical,  and  in  reality  they  cannot  be  closely  comp  -red  since  it  is 

not  possible  to  determine  what  category  or  categories  of  tropical 
. • » 

cyclones  were  included  in  the  38  year  period.  In  any  event  the  sini- 

• • • • • 1 

larity  of  the  graphs  is  inter. -sting  and  probably  indicate  s just  what, 
it  appears  to  indicate* 

Figure  15  gives  a complete  breakdown  of  the  distribution  and 
frequency  of  tropical  storms  and  typhoons  by  months  for  the  years  lyh> 
thru  1952.  ‘ho  figures  represent  the  total  number-  cu  tropical  storms 
or  typhoons  detected  during  the  month.  The  letter  following  this 
number  indicates  whether  the  cyo toias  './ere  tropical  storms  (S)  or  - 
typhoons  (T) r.  Vihen  there  were  both  .tropical  storms  and  typhoons  in- 
cluded in  the  fir'll  figure,  the  number  of  typhoons  and  tropical  storms 
is  entered  in  parenthesis  following  the  first  figure.  The  remainder 

1 

of  the  chart  is  self-explanatory. 
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MONTHLY  HS.N  ElbTRIBUTION 
OF  TROPICiiL  CYCLONES 
x>S  CGiIP;U-ED  TO  ±952 
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ESTIMATION  OF  TYPHOON  BITEHSITIES 
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The  levies t pressure  in  a typhoon  has  been  accepted  as 


vx  w ** 


indices  by  which  the  relative  M in  tensity*  of  Mo  system  is  measured* 
ft  is  academic  v.’hcthcr  the  center  of  lowest  pressure  is  recorded  in  the 
center  of  the  eye  (as  in  the*  model ) or  is  displaced  some  distance  in 
the  direction  of  movement  from  /the  center  of  the  eye  ( as  reports  sug- 


gest). 

However,  it  has  been  observed  that  some  typhoons  decrease  in  " in- 
tensity11 as  they  novo  to  more  northerly  latitudes,  although,  the  central 
pressure  remains  the  sane  or  possibly  decreases.  V/c* are  then  forced 
into  the  position  of  defining  the  intensity  of  a typhoon  in  terms  of 
the  maximum  surface  wind  soecds.  -n  Mr  Force  installation,  a city  in 


the  Philippines,  a tropical  island,  or  a naval  vessel  is  not  affected 
by  a sea  level  pressure  of  97$  millibars,  per  sc,  but.  each  of  these  may 

v- 

very  well  be  seriously  affected  by  100-knot  winds . 


«»  rory  pwreen  cage  cT  vj*pi*00uu 


~ a c ^ r ovs  r * ~ cc  ^ ^ 


weather  observing  stations-  Therefore,  v;o  rely  abacs t exclusively  upon 
aircraft  veathcr  reconnaissance  to  determine  the  actual  location 
and  intensity  of  a typhoon.  In  a re  conn  aiss  nice  penetration,  the  sea 
level  pressure  is  one-  ~>c  the  par-c.eters  which  can  be  measured  accurately 
vdthout  introducing  the  variability  of  human  estimations.  This  is  not 
true  of  the  measurement  of  surface  rind  speeds .. 

The  Board  has  no  quarrel  whatsoever  with  the  estimations  made  by 
aircraft  y/r ether  observers  in  the  past  two  years;  certainly,  their  es- 
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tiraations  are  veil  within  the  accuracy  required  by  the  warning  service. 

In  fact,  forecasts  b^sed  upon  ’wind  fields  described  by  reconnaissance 

’nave  borne  out  very  satisfactorily  'when  checked  against  Land  station 

✓ 

anemometer  reports.  The  f act  reni  dns,  < hOWdyer,  that  on  reconnaissance 
penetrations,  the  surface  ’.rind  speeds  are  estimated  by  human  observers 
and  arc-  subject  to  some  variability. 

In  an  attempt  to  develop  a n;ro  objective  method  in  ’.rind  speed  esti- 
mations, -a  plot  './as  mode  of  230  coses  of,  typhoon  penetrations  in  which 
mininum  pressure  .-.nd  maximum  ’.rinds  wore  both,  reported.  The  data  con- 
sidered were  selecl^d  from  ObOPOT-i  of  1951  through  HISS  IKE  of  1952.  liore 
data  are  available  from  penetrations  in  ly5f)  and  previous  yo  ,‘rs.  Th-: 
last  two  years  v/ere  studied  because  it  is  felt  that  typhoon  reconnais- 
sance observations  in  this  period  have  reached  a higher  level  of  re- 
liability. ..Further,  the  number  of  cases  considered  is  ample  to  show  some 
interesting  and  consistent  relationships. 

Difficulty  arose  in  plotting  win do  which  were  reported  to  be  "in 
excess,  of  100  knots".  Eliminating  these  reports,  the  resulting  scatter 
diagram  assumed  significance.  Firstly,  it  was  clear  that  one  curve  would 
not  satisfy  all  points.  Secondly,  it  was  obvious  that  there  was  a direct- 
relationship  between  the  estimated  maximum  surface  wind  speed  and  ’the 
recorded  lowest  sea  level  pressure • providing  the  third  variable  of 
latitude  'were  introduced* 

1 c u s iormula.j  huv<_  been  sagger. ted  to  X'v.i.rto  the  muxii.-jur:  ‘winds 

a-iu  lowest  pre satire.  K*  Takuh<-shi  recently  discussed  the  empirical 

1 "Techniques  of  the  Typhoon  Forecast  in  Japan, » paper  presented  at. 
the  Third  .vviuEL  Typhoon  Conference,,  Tokyo,  February  1952. 
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formula:  Vnax  » 11. 5 'A. 010- Pc  where  Pc  ic  the  central  pressure 


and  Vnax  is  In  knots.  Dr  . ;iob-srt  D,  Fletcher^  brought  the  attention 


of  the  hoard  to  the  nor;  ccririonly  accepted  rclat.Lcnshio  of  Vnax  - l6'/l000-Pc 
3'n  checking  a plot  of  these  curves  with  the  actual  r e conn ais sane o 
figureg,  it  appears  th-t  the  latter  is  no  re  accurate  and  best,  fits  the 
observations  which  were . made  ora  penetrations  near  30  II  latitude. 

Using  this  as  a starting  point*  various  curve  fitting  attempt;;  were 
node  in  which  the  cosine  function  of  tho  latitude  was  used  as  a factor 
to  compensate  for  the  observed  decrease  in  maximum  winds  os  the  typhoon 
moved  poleward  with  unchanged  onnt.rfL  pressure.  The  variation  of  the 
cosine  or  the  square  of  that  function  does  not  contribute  a rapid  enough 
change:  to  allow  the  compensation  required  by  observations. 

Finally,  a refinement  of  the  original  formula  res  established  such 
that  the  governing  factor  decreased  linearly  v.-i.+.h  ,.,n  increase  in  L-titude, 
This  family  of  curves  fit  tho  observed  data  none  closely  than  any 


previously  considered,  a slot  of  this  family  of  Vnax  - (20  - $)Vl010  - Pc 
is  seen  in  Figure  16. 

4\s  reconnaissance  eiqxrience  increases,  the  trend  seems  to  be 
toward  the  complctq  employT.icnt  of  700  millibar  j evel  penetrations  on  all 
systems  of  typhoon  intensity.  Often  during  700  millibar  penetrations, 
the  height  of  that  surface  is  transmitted  immediately  with  the  location 
of  the  eye . Thirty  to  forty-five  minutes  later  in  the  full  eye  message, 
tho  forecaster  receives  the  sea  level  pressure  inform. tion  os  determined 


r * sponsored  acnsua-vUMa  vioii,  to  auam  x;i  curv  lpb2. 
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by  dropsonde.  It  n:i y ho  two  to  fear  hours  later  after  the  typhoon 
has  been  boxed  that  the  forecaster  has  a clear  picture  of  the  v:'nd 
field  .and  the  maximum  v;ind  speed  is  reported.  Since  tine  is  of  the 
essence  in  any  naming  sorvj.ee,  it  is  evident  that  the  forecaster  oust 
have  sene  other  tool  by  which  he  can  inme-di-tely  ascertain  the  ’'in- 
tensity1  of  the  typhoon  from  the  information  ho  receives  from  the 
weather  observer  in  high  level  penetration. 

Since  it  is  belie vuu  that  -11  typhoons  develop  in  a homogeneous 
air  mass,  it  is  reasonable  to  assume  th.it,  thermodynamic ally,  typhoons 
should  be  siuil-r  to  each  other  (the  variations  being  only  in  inten- 
sity) • -hat  is  to  say,  one  would  expect  that  if  a 700  millibar  height 

I 

of  7500  feet  were  recorded  on  nenctr -tions  of  two  different  typhoons, 

the  surface  pressure  computed,  by  drops  one!  e on  both  should  bo  similar. 

To  check  the-  validity  of  this  reasoning,  a plot  was  made;  of  all 

cases  in  which  700  millibar  height  and  sea  level  pressure  were  both 

recorded  during  the  period  of  typhoon  penetrations  os  mentioned  daovs 

(GIOHGIa  1951  through  HDSTER  15 p’2 ) , .1.  total  of  16U  ease?  wore  plotted. 

a copy  of  this  graph  is  seen  in  Figure  19.  Inspection  shews  that 

«* 

with  a very  small  standard  dcriati on,  the  best-  fittir. g curve  is  a 


stnuignt  j.xhe  such  tit— t for  a cecre-usc  of  one  mil—ioar  in  surface 


pressure  the  700  millibar  height  is  28  feat  less. 

In  Figure-  20,  a working  table  is  presented  showing  the  latitud- 


inal variation  of  maximum  v/.iadp  empirically-  determined. 
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OB  EASTERLY  WaVSS  lif  TH’S  ?*.Z7.?~C 

'.  Q.  S'  ! ^ v*r**-»  T 

Major , V£s£F 


■Abstract: 

Easterly  waves  are  described  a?  they  appear  in  the.  Pacific  v;:i  thlr. 
the  ap;  roxiraete  iini  ts  BIT  to  15-',  13  fcu  18GS.  Hie  description  is  based 


__  h da  M A*  i #\  a—  f>  **n  <4  /*«  — ••  »%4  Vv  «■  X~~V  -S  w,  . w T w r,  ^ f n • • , 

iJU  w c ^ ~ .a  v*U4:  .icx  u>  /vii  v»uc.v-  ,±,  i ' pyo  wicUtOic,, 


-»  >0  T 


2*ch  /jf  vlic  covnmori  H36  too  * oio^  Oftl  v>  • **i  iio ? f jj  ■ is  dLseu^sv-a  in  j. 

relation  tc  caster  I;  waves.  * 

Vhe  ~ as tsrly  Wave  Program  .oi’  the  2i^3f'  Mr  Weather  Wing  is  ues- 

i 4 

cribed-in  general  terms  end  its  primary  purpose  presented, 

;n  i-roAuc  tl  on : 

Bhis  paper  is  ? *i:sple  description  of  observe tion , vhloh  hot  been 

reduced  to  writing  in  the  hope  that  it-  vd.’.l  provo lee  further  iiiyes fcigp- 

ti oh.  It  reports  no  final  results  of  scientific  inquiry- end  offers  no 

voi  tr-*  of  authority;  The  ideas  presented  are  based.  • partly  or.  unorganized 

experience  c net  partly  on  the  begiiaiings  of  research  by  the  Typhoon  Post- 

analysis  ,3ot  rh f Andersen  Air  1'crce  3<  sc,  'Guam. 

* 

In  this  paper,  the  term  "’Easterly  wavs”  will  mean  a wve—like  per- 
turbation , moving  Jr  a westerly  direction,  in  the  trade  wince  within 
the  hr £*>  5-  to  .i.51  •,..  lyOS  to  1503.  It  is  iiot  implied  wv  t either  easterly 
v.'av  . or  trade  winds  arc  confi  r>cd  w0  sucl1  geographic  limits,  but  only 


i Major  Sterrett.  is  currently  with  the  gsverc  Weather  Warning  Center, 
Tinker  APB,  Okie, 
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A !':  ? ::  v*  ~ t.hft  f'TQCl 


3a.-.  tor ly  v-r.vcs  vi;^  be  coiupo-r^ci 


«. d sonnmvs  t:.  inti  tub.-.  fronts  in 


several  v-eyo  in  the  following  P-vra-graphs.  lliie  ti».i  ‘;c  ctji.l.  no  i br «'••■■  esc 
tuioee  phuxit;r?«ne  ere  sj.nilf.r;  but  rather  in  oiuer  to  <•  ssocicle  uic 
served  c.iC.-.xf  ctcrir  tic?’  **i  fch  something  more  familiar,  -hi  cl  is  psycho  log- 
ical. iy  i • o ’iii  5. . 

Mevemr-nr.  »nd  Continuity  of  Sea  tony  hVyusj 

"V  mm  i I 'rr~‘  — ii  •> 

Host  Co  recasting,  rud  even  aarh  n-f  an.vi--{=ls.  consist?  of  extrapo- 
lation of  the  known  movement  of  kr.o-rn  eortiubr  ticnc  or  vnrie.tton  *-r 
v* id rms  raetcoro  ’ogical  ol.encr.ts,  Good  rjar.lys ts  so  locate  fronts  the  t 
the:i.r  movements  appear  rather  regular  ? ud  steady.  Tihrcn  so  in  the  tropic® 
easterly  waves  move  r.t  various  speeds,  persisting  for  several  days  and 

tj r o gro a r i r. h from  east  to  «?»*  r.t  ou^si— uniibrsn  rates.  In  tno  nToscitbe 

* ' 

of  other  information,  the  forecaster  vi*l  apply  the*  cliaa  to  logical 
ftverr.gv.  of  ten  feints.  »ut-  os  soon  as  two  ^i.i!  * * are  obtained.  it  is 

.y  better  to  force*  st  persistence  «»f  the  sp*^  determined  by  then, 
i-onoaiiy , the  trade  vi  nds  chans  civet  "blow  at  ip  to  3 0 kxioo»,  with  very 
little  vertical  sheer,.  Thus , easterly  waves  iaove  rt  speeds  app v o xj. m ? • t- 
i.-.-;  i’.vio  n.i.if  the  iprr.d  .on t wind  zpvoC * 

Just  as  fronts  in  fijil-iati tudes  often  seem  to  dome  at  semi-regular 
intervals , so  easterly  «*-•  ,-oa  In  vc  a sort  of  rip-  :iu-;  usually  pa 3. Cog  a. 
station -at  intervals  of  about  35  hours,  however r most  wfvos  .ire  too 
wc.sk  find  tiie  rhythm  too  irregular  for  i r.  to  bo.  r real  aid  in  practical 

fbre-aah  slug. 
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Wind  Pa  l tern: 
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latter  happens  at  hath  higji  and  i.e^  V’va:  «4  it  becomes  prActl  aril;’’  iss- 
possiKtc  to  dc  terra  th-  t.'rr  ."vc : » tilt  from  the  vertical.  Then,,  too, 


there  arc  no  known  limits  for  oh*'  layer  containing  the  ’ shi ft 


• • ■■*  w 


vr  pies  with  time  ancl  snr  cc , sc  that  r.  vrp.vc  that  shows  strongly 
surface  ?;  one  station,  often  lifts  to  nff  st  only  the  circulation  above 
UOCO  feet  r.t  who  next.  The  upper  limit  of  the  wind  shift  is  oven  nors 
"aririhl r» , rn.ngir.5  upward  from  oOOO  foot.  Hie  shift  or  lack  thereof,  ovsr 
?dOOQ  feet  is  probably  cf  no  importance,.  The  vagueness  mo.  indecision 
of  this  wind  pat  win , while  not  greater  than  for  fronts , is  more  f.is- 
' tresain*:  bee;  use  dot  a r re  more  rare  in  i’.ie  tropics  and  o?  .ster.lv  wrvf.s 
e 5 fpMur  i tin  ice « ion  recognition  thill).  uu  «•!>* 

Prior  tat ion  and  Extent: 

5iasteri.,v  wavoS  arc  probably  oriented  nearly  north-south,  or  per- 
pendicular 10  di.e^iion  ci  b*-e  t*L t • nctne.*.  , da  ,e  arc.  uuu 
sparse  to  reliably  f*  v either  »he  orientation  cr  the  xr  titudinni  extent, 
but  apparent  speeds  between  stations  of  differing  latitudes  indicate 
little  variation  frc-m  the  north-south  as  sump  tier..  The  vrri;  tion  in 


v vn  wlio  Van  vSi*  iuxis , wiiGo s lavi  Vue  os  Vo.r.y  i rou  o»  o*J  uo 

IjJ.'Sl-,  i «i!«.i  '.;h  ,1  v*nrv  limited  dudir.nl.  r.-ronabiy  nrov.n^ 

200  to  --00  miles  in  length.  These  limits  arc  speculative  «nd  nv.st  r*  - 
’lain  so  until  proper  air  reconnaissance  ie  made.  However,  it  is  Known 
that  easterly  waves  p»rr  ^vrilwovok  without  having  shovn  a p£ s .' a ti5  at 
Kv'ttjt-iein  and  vice  vo/sa. 

rar-'tsriy  waves  are  usually  embedded  in  the  trade  stream  without 
affect-in.-  the  doldrums.  However,  occasionally  them  arises  a bit  of 
evidence  that  a wave  lias  extended  to  the  r.d^c  of  the  trade  stream  (alias 
Intertrepical  i’rent,  alias  In  ter  tropical  Convergence  Zone),  meeting  the 
dulliOias  and  perhaps  ?? ttlrg  off  s.  ror t«x  with  typhoon— si 2ed  potentiali- 
ties. 

Pressure  and  Its  To r. deucy : 

Pres«Uirfc  a?.;d  pressure  tendencies  seer.  to  be  entirely  independent 
of  easterly  :javas  in  the  area  described.  Of  Course,  it  must  be  admitted 
r.hat  many  of  the  kinks  in  isobars  at  fronts  ir.  temperate  Intitule 
analyses  have  a pttliiluJ. ly  forced  look.  Yev,  fronts  do  lie  in  pressure 
troughs.  whereas,  even  with  diurnal  variations  removed,  easterly  waves 
seem  to  occur  about  as  frequently  with  rising  p~=.=.  =u^=  tendencies  as 
with  falling,  at  mauima  as  at  minima.  K«i tlier  is  any  relation  between 
hydrometeors  end  pressure  evident.. 

Cloud  and  Precipitation  Patterns : 

Cloud  and  precipitation  patterns  vary  widely  from  front  to  front  and 
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from  easterly  wave  to  easterly  wave,  ‘ine  area  of  increase? 

„ - - * . ...  ,,W>  - 1 •»:  * 

■j  I..Kj  1 HJVJ  0 1 ‘jjl  tiO.*.1.  io,  u x j.  va.  i-yw  U4A»-  ;.awu(. 


siiupe 

, and 

iegre<:  of  ;iar joa^usl  ty 

- -C 
UX 

? p 

w 

area,  air?  unknown.  out 

ct  -> 

gUwisS 

Sligh 

t oe 

someth. a u oval,  jO 

X . 

UU 

/*s  A • , 

tL  '-'W  : 

diet:  wide,  100  tn  ‘400 

miles 

.L  «/I*  £ 9 

f Vi 

4-  Vig 

1 . o vJ  r **■  'i  f.’n  to 

£ j f na>  •' 

t.on 

iSGt*© 

or  1 north— south. 

*.P.-  i > * „ 

« 1 W..A  n 

thi *'■  area.  cumulus  ?n>'-  perhaps  middle  clouds  covsr  5/1*5  to  9 / 1C  of  the 
*ky,  cumulus  bases  are  lower  and  tops  />.igher  than  in  the  * "tror.::-- rt 
showers  are-  heavier,  more  frequent,  and  last  longer.  Cirrus  has  no  • 
apparent  connection  with  easterly  v-.Hveet  The  render  should  be  warned 
that  other  systems  with  c. i: r er. fc  wovesne:* ts  seen  to  cause  similar  vontbi 
patterns  in  the  tropics  and  this  pattern  should  never  be  used  .as  the 
sole  criterion  of  an  easterly  wave  passage. 

Other  Variables; 

Saa terly  Waves  offer  nothing  comparable  to.  tli?  air  nensity  discon- 
tinuity ejected  across  a front.  Visibility,  surface  and  upper  air 
temperatures  and  dew  points  offer  no  help  in  easterly  wave  analysis. 
Importance  is  attached  to  the  ” trace  inversion"  in  the  Caribbean  and 
eastern  Pacific,  but  this  feature  is  lacking  in  the  Ewajalein-Guam  area 
Isen tropic  analysis  has  shown  some  relation  between  the  equivalent, 
potential  temperature  and  ei.tst.orly  waves,  out  it  has  not  yet  led  to 
improved  forecasting,  in  fact,  differences  in  both  sensible  and  dew 
noint  temperatures  are  usually  insignificant  by  airniaes  standards. 

Eas  terly  waves*  appear  to  be  vertical,  lean  forward,  cr  lean  backwe rd 


vj',t hu’-:.t  rhyme  or  .censusi,  without  relation  to  the  associated  pattern© 
of  hy drew© toy r©,  u ad  without  affecting  tho  motion  of  the  vnue.  Thus, 
t or o of j q fc fl  x xn  d lor  tower  3 xgrxil  .vo-axi  o Viiriuui^u  xx*  » no  tropics  thou 
in  the  ianpero te  zones* 

There  appear  to  bo  recognizable  diurnal  variations  in  lev;  cloud 
cover  and  perhaps  ir.  wind.  These  are  Quito  small,  however,  raid  should 
cause  no  confusion,  v.-ith  easterly  wave  passages.  Thu  probable  *1.zc,c  of 
these  variations  ru-e  less  than  X/10  for  low  c.louu  cover,  three  degrees 
and  two  knots  for  wind. 

/.yea©  of  Fomation  and  Dissipation; 

.lust  as  fronts  run  the  goamt  fivm  vigorous  wet  to  weak  dry,  so  do 
easterly  waves,  Ko  rules  arc  offered  for  generation  and  degeneration, 
hu*  moat. waves  found  in  or  nem*  The  Fhillippines  can  be  traced  back  at 
?.east  to  Kwojalein,  which  is  the  eastern  edge  of  routine  data;.  The 
apparent  intensity  of  the  perturbations  varies  grentiy  «irmg  such  bracks 
so  that  careful  scrutiny  is  often  necessary  to  trace  a wave  through  the 

entire  rsgiou  and  achieve  continuity,  ifow,  it  is  admitted  that  many 

« 

errors  have  been  perpetrated.  aM  perpetuated  in  tho  nruao . of  continuity, 

i • • • ; 

but  on  the  other  hand,  premature  dissipation  on  i/lvo  map  a oexe times  result- 
in  unforecast  storms  striking,  populate!  .areas.  This  problem  of  inten- 
sification of  seemingly  extinct  systems  is  c&umcn  to  nil  forecasting  in 
a 1.x  latitude©*  The  tost  rule  is  to  carry  Pc rturt at x. a imtix  rather 
positive  evidence  of:  dissipation  ic  found.  Such  positive  evidence  is 
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furnish,  ag.  by  the  dense  network  of  station?  in  the  Philippine 

Islands  and  ah.ov»,3  that  nany,  possibly  •••••st,  c»i3l<:u-l.y  wvts  dissipate 
east  of  tb  .sc  islands;  ever.  when  the  trade  winds  extend  i arena  * west. 
Other  vr.v  os  are  expected  tc  dies  ip:;  to  when  they  waRh  i.he  end  or  tX 

t . ',aO  tl  ~ * y»r«r.r r.  . rYntw^voT*  ^ t’Y^m  tinr-  r i*  iHLr*  * «*•  iiO&S  0 “ IT  "t  ‘lC"t  T^CT1  v-Ai  - 

cut-ions  of  same  sort  weaker  than  typhoons  cross  boundaries,  for  example,, 
frer.;  doldnins  !,«.i  t ..•»»<».•>  ntreCiW,  fre-sx  trade  s trees’  to  monsoon,  and  free, 
easterly  trades  to  temperate  westerlies. 

The  Easterly  Wave  Program: 

Forecast  Bulletins  Pacific  {FBbs»)  arc  . the  blued  of  the  Easterly 
ware  Program  of  t.ic  Sided.  Air  Weather  Wing.  Whose  bulletins  ore  issued 
twice  daily  and  serve  two  an  in  prupcaes.  They  permit  or-  interchange  of 
opinions  and  information  between  stations,  partly  compensating  for  the 
paucity  of  data  in  the  region,  and  they  focus  attention  on  perturbations 

r 

that  may  develop  into  typhoons.  In  add  it inn . the  Typhoon  Postanalysis 
Board*  is  charged  with,  research  on  easterly  naves  and  may  someday  bring 
new  knowledge  to  boar  on  this  so  poorly  understood  weather  system. 
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viio  i’®  v?’.  * * i isjuiiori  u Oj.  wits  xv  piioon  & ,l  jt*.  opuit;  3 1.1a.  iv  Vvy  -n 

0 oct ion  c \j>  ooxi  r osorvS’j  ^ or  ^ocorariandations  for  the  Improvement  of 

V.cn 'T»*icr>  i^gx**7jLCo  g g c- v x i?o/s3C^s'uj.ti^  Ho «L«r> ^ivc  i/O  xi o jj i on x wycioncs ? 

a*  1 1 ~f*  ■■  R *\  V»^  TNA  "I"  /1  .<j  «"  ■?  ri  •▼  ,i7"{  +"  Vl  *♦*  V*  -i  r-  — U i a-w>  U - t - - ; > . . I > /.  • ' • U«- 

t,VT:hor>n  ro^.'C/.StOrS#  ^*Uit&  ’ll l\  bu  1*3. j- Xy  ‘t  h.0X*,wi\>?TM0  , “tllo  2?‘J 'B-.li.X  tlQS  '0 OCI. 

a devotion  to  a discussion  o'  for.jon. sting  tools.  To  thy.  knowjLadgs  of 
tnc  Board,  nuuning  has  boon  proposed  for  the  improvement  of  the  observ- 
ing facilities.  In  fact,  tho  value  and  representativeness  of  the  ob- 
sor v*-;f ions  has  not  been  considered, 

tThon  a forecastor  in  tho  Tropical  Pacific  first  eases  up  against 
the  problem  of  detecting  and  forecasting  the  future  mAwsmAnt  end  in- 


tensity of  a typhoon  his  reaction  is  that  of  frustration.  He  may  have 
o^colioxit  tools  sharpened  for  application;  ho  may  have  a thorough  under- 
standing of  the  pnysical  relationship  3 and  thormodymatic  structure  or 
tho  wropicai  atmosphere hcyjcvsr,  he  is  appalled  by  the  lark  of  data. 

It  Bus  boon  sugKostod  in  many  previous  Annual  Reports  and  at  all 
of  the  Typhoon  Arsiiual  Goni’  own  nr,  a that  vfti  ava  on  the  threshold  of  great 
discoveries  in  typhoon  forecasting,  All  that  :is  needed  is  more  data. 

The  Beard  docs  not  feel  that  typhoon  forecasting  would  improve  appreci- 
ably as  the  result  of  additional  data;  it  is  obvious,  however,  that  a 
greater  understanding  of  want  is  taking  pines  synopti colly  would,  bo 
manifest, 

An  attempt,  has  boon  mad 3 during  the  1952  season  to  gather  and 
asscmblo  information  of  prime  import. -.n&o  to  tropical  forecasters  which 


is  not  m 12 • iv io  in  the  In i.rjxsnp.tioml  Hot'jox’oio^io^l  Organise t Lon  Pub- 
lication No.  0 or  the  United  States  N?yy  % drog rapine  Ofiieo  Publica- 
tion No.  206 , Sohig  infevimvt  ion  has  been  gained  eon  ecu;  lag  a total  o.i 


stations  m tne  troe-ica  L region  icnown  as  n icrnnoox;  „ 
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stations,  33  ha  to  assignee.  International  Meteorological  Index  Numbers. 
Seventeen  of  those  are  presently  taking  sor-.n  torn  of  surface  observations: 
12  are  talcing  soao  form  of  upper  air  observations;  only  3 stations  in  this 
ontiro  or oo  are  taking  complete  twenty-four  hour  surface  ana  upper  air 
ooservations. 

Tho  area  Included  in  this  survey  encompasses  all  of  the  Islands  in 
tho  Ellice,  Gilbert,  Marshall.  Carolina  and  Marianas  Groups  and  includes 
4 Islands  which  are  not  attached  to  any  group.  This  area  is  approxi- 
mately six.  million  square  ruilua  and  constitutes  v?hat  might  bo  accurately 
described  ,n 5 the  "Birthplace  of  Typhoons.* 

Members  of  the  Beard  have  had  the  opportunity  in  the  past  two 
years  to  visit  all  of  tho  stations  which  are  now  (March  1953}  taking 
observation  in  the  Tropical  Pacific  with  the  exception  of  the  throe 
stations  in  the.*  Silica  Island  Group  and  Beru  in  the  Gilbert  Is?.and  Group. 
In  Piguro  21  a sccuuaiy.  of  this  } nior.nation  is  presented  in  tabular  form. 
The  sunrxary  inciuuos  not  only  ail  of  the  pertinent  geographic  and  physi- 
cal information  but  also  the  schedule  of  observation  a and  transmission 
routing.  Tho  considered,  opinion  of  tnw  value  of  these  observations  is 
also  inciud  ,a  in  trie  summary. 

Because  the  recent  history  of  Micronesia  has  entertained  influences, 
of  the  Germans  and  Japanese  ns  well  as  tho  /anor ic-ans,,  t is  some  sines 
difficult  to  find  two  naps  which  agree  on  the  location  or  even  the  nemo a 


of  sou:u  of  rho  !_ 3J  nrifi.f, , Therefore ; a LA'.pFj.artoiitrry  table  has  bc-or  pre- 
pr.rod  (Figure  £2)  shoving  the  presently  accepted  station  none  and  those 
alternate  names  wiv’ch  1*: ve  beer.  1'ound  on  other  caps  or  in  literature* 

For  ey.Si'ipie,  7r  .«x  has  hnon  a*  i ^TOrak-iru’*  and  ^Hogolcn*  in 

the  post  50  years,  (Thu  observations  ut  Truk  aro  actually  aail&  on  the 
Island  of  Moon  in  the  Truk  Group) . 

Iai?.nd  Glassification 

Generally  speaking,  the  Islands  in  Facific  Micronesia  can  bo 

d*  Vo  a o -i  'f'  i th*4  '*  ^ »■*  II  r\  **  !>»•-  .-in  *i  4-  A I 7 <%4*  +•  V.  ^ 
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Islands  in  the  Ellice,  Gilbert*,  .Marshall  and  part  of  the  Eastern  fbvrolinos 
are  of  the  Atoll  type,  i.e,c  smaller  Islands  located  cn  a surface  reef, 
surrounding  s shallow  lagoon  and  surrounded  by  the  deep  ocean.  The.  maxi- 
mum height  of  any  Island  in  this  class  is  nineteen  feet  on  Roi  Island  in 
the  Swujaioir.  Atoll,  Of  course  tho  coconut  trees  extend  several  hundred 
feet  above  the  Island  in  suae  cases.  The  coconut  trees  on  the  Kapinga- 
roarangi  are  equal  to  the  height  of  the  Giant  Sequois  in  California, 

Tho  so  Islands  in  the  Central  and  Western  Caroline  Group  and  all  of 
the  Islands  in  the  Marianna  Group  axo  of  the  Basalt  re  mat  ion , i.e,,  the 
principal  Islundc.  extend  to  considerable  altitude  inside  a nearly 

circular  roof.  Tho  highest  point  in  this  typo  of  Island  is  S5?S  foot 

1 

on  Po naftsr,w  All  of  the.  Islands  in  this  class  extend  over  500  feet  in 

Vi^-IrVU* 

e>**  v» 

The  only  exception  to  these  two  classes  of  Islands  arc  the  detached 


Islands  of  Kauru  and  Ocean,  located  500  miles  South  of  Ewnjaloin.  Those 
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wrote  Point 
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13-27  n 
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41-211 
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Ac  ana 

l1-28  K 
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North Field  (Guam) 

13-35  H 

144-56  S 
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Guam 

13-29  N 

144-  47  E 

*1  23? 

Saipan 

*obl*r  AFB 

15-07  N 

145-42  f. 

->1  234 

Tinian 

Bcna  Vit<ta,  Neat  Tinlcn  AFB 

15-00  K 

145-37  E 

'1  215 

Harmon  AFB 

13~5i  N 

144-49  E 

, TACKED  ISLANDS 
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Itnke 

19-17  N 

166-39  E 

Nauru 

rlaaaant.  Shank,  Kavodn 

00-37  S 

166-55  E 

M3 

Ocean 

00-52  0 

169-35  E 

r 

Kapirigtimtiraftg ' 

Greenwi  eh 

01-03  N 

154-48  E 
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Islands  are  nearly  lOOnt  ehnspha15b  in  compoftifcjon  end  attend  to  approx! - 


✓"  ’ 


r » 


liiaUsly  1 jX  feet. 

it  should  ce  obvious  that  all  surface  observatir^ns  taken  at  Islands 
of  the  Atoll  class  are  extrsssly  repre sente tivs  of'  the  ve«tb&s*  in  the 

— „ J *1.  I J a. »-  * 1 •*  _*  *t ’ ..  ..1  . .1.  1.  ...  _i-«  i.  •■  ? . . - -Jt  «■  — 1 • 
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lee  Leo  with  a good  exposure,  nearly  all  stations  which  are  located  on 
Basaltic  opposed  Islands  cannot  make  observations  which,  are.  representative 
of  the  atmosphere  surrounding  the  station* 

pje.-rj.osicr.  of  Islands  by  rr~*~? 

Fllioe  Islands;  So  far  as  is  known  to  the  Board  only  f-hree  stations  in 
this  group  have  aver  made  weather  observations.  These  stations,  Naromea. 
Funafuti  ard  Nuraklta  are  still  taking  Surface  observations  <**  scattered 
times  daily,  Funafuti  takes  a Pibal  at  23002  drily. 

Gilbert  Islands:  In  this  group  there  are  at  least  nine  stations  which 

have  made  observations  in  the  past.  Presently.  only  Tarawa  in  the 
rorth&rn  Gilberts  and  Beru  in  the  Southern  Gilberts  are  taking  observe.- 
lions,  Tarawa  takes  a Flbal  at  0500Z,  17002  and  23002  daily.  Occasion- 
ally,. Bikati  which' has  no’  ’International  Index  Number  has  been  used  as  an 
•observation  point  during  atomic  testings  in  the  Marshall  Island  area,, 
t;«5  Gilbert  Island  Group  is  a good  example  of  how  little  accurate 
information'  i s available  about  this  entire  area*  Afcenaaia  I>~?  the  Index 
Number  91454  and.  Apaiiama  has  the  Index  Number  9.1615-  Ttiose.  are  one  end 
the  same  place.  The  two  names  ere  rferely  two  native  dialects,  The  same 
is  true  of  Aisle. ng  and  ALsiang  whidh  have  the  Index  Numbers  91447  and 


91607 • iiiiuiti  haa  isnd  t r~  Index  Numbers  91443  and  91601  which  are 
f">r  little  lick  in  r..rd.  Hakin  Atolls two  separate  Islands  and  both  dif- 


ferent Iron  Bikati. 


Marahnii  T -viands  j This  Group  li*  pj&S&e&j  into  two  chains*  cf  Atolls-, 
roughly  parallel-  oriented  northwest  to  solt'hoant.  Tho  Rrdck  (sunrise) 
chain  has  fewer  Islands  than  the  Rallk  (sunset)  chain*  Kojyro  is  the 
only  station  in  the  RM?±  chn-fn  taking  observe. tivu-  ,«l  Uss  j re sent  time. 


The  observations  are  made'  by  one  ' indigemotts  observer,.  No  upper  air 
observations  are  available,  Ronjsrik  and  I.ikiop  wore  used  during  t’~ 


German  control,  1875  to  1914« 

In  the  Ralik  chain  several  Islands  have  boon  used  <-or  to  naively  in 
the  past  75  years.  During  the  Gorman  rule,  Jeluit  v.>s  the  principal 

4k 

Island  and  only  observation  spot.  When  the  Boston  Missionary  Society 
moved  into  the  Tropical  Pacific,  Ebon  became  another  Observation  point, 
!^naohikbff,  now  known  as  Kwftjaloin,  wot:  tho  site  of  observations  as 
early  as  1894.  At  the  present'  tine  ordy  Kwajaloin  and  Eniwetck  have 
weather  observing  stations.  In  recent  history  Bikini,  Iceland  and  Roi 
have- been  used.  The  Typhoon  Warning  Service  would  gain  much  from  the 
introduction  of  weather  observing’  stations  at  strategic  locations  such 
as  Ail inglapalap , Most  of  there  Island  loca+Aons  do  not  have  Inter- 
national index-  Numbers , 


Caroline  islands  t Observations  are  presently  being  token  in  this  U,  IT, 
Trust  Territory  Group  at  Ponapo , Truk,  Yap  and  Eoror*  Tho  key  strtior. 
of  Kusaio  has  teen  usea-during  atonic  t-stlng  programs  in  the  Marshall 


jo 
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networks  In  this  brea.  Twuay  a report  frof:  iuisaia  would,  hove-  added 


sifmif  "i-canoo  because  cl  I no  comple--*^  ,*•«  cprou^-ivi,  •-••-owum  ***  v*-^  a r 


fron  Pompo*  It  vo’Ald  be  extrei'dly  desirable  to  have?  serve  fern 


surface  observation  from  Kusaia  and  in  addition,  Mokil  or  Ant  Atoll* 


fjjgstik  • and  Qro.lyk  (both  Atolls)  aro  also  'geographically  situated  to  V- 


good  points  of  .obsorw.  t ions* 


Ip  the  Central  Group  of  the  Caroline  1 Atoll,  Index 

No, 91317,  would  bo  an  extremely  valuable  observation  point  because  of 


Its  strategic  location  with  respect  to  the  majority  of  typhoon  tracks. 


•In  .tho  Western  Group,  reports  fr  on  Yap  are  extremely  valuable.  It 


is  regrettable  .that  the  observation  point  that  the  Japanese  end  Gemans 


onployed  on.  this  Islaia  with  excellent  exposure  has  been  abandoned,' 


Weather  reports  are  nade  available  upon  request  iron  the  Coast.  Guard  Unit 


at  Ulit.hi,  It  has  been  suggested  that  a attachment  or  weather  observers 


from  Fleet  Weather  Central  Guan  be  assigned  to  Ulithi  for.  oomtinuous 


regular  observations,  Ngulu  would  bo  & good  location  for  another 


possible  point. 


In  the  Palau  Group,  Kcror  using  the  Index  Minber  of  the  station  of 


Palau,  91408;  ia  the  only  station  taking  weather  observations  a~  Fruseut , 


Its  location  is  such  that  the  observations  are  reasonably  meaningful. 


Marianas  Islands:  On  the  Island  of  Guam  there  have  been  five  separate 


observation  points  in  the  past  10  yeu-rs.  At  the  p»H*s«.ut  tir-vo,  Andersen 


Air  Force  Base  Observovo  take  tho  only  observations  which  are  given 
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Atkina . 
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Island  of  (teen  only. 


At  >;r(> s ' ~t  there  is  no  activity  at  Tyrian. 


The  observations  which  wore  tajean  at  $ dipan  by  Coast  Guard  personnel 
have  boon  tgrmora'M ly  suspoiriad.  It  is  pla nrlsd  that  observers  will  be 


dotaeijod  from  Fleet  We  other  Central,  Gunn,  to  true  location  during  1953. 
It  would  be  desirable  to  have  a we ether  station  located  on  some 


Island  in  the  Northern  Hurianas,  either  at  Psjaros  or  Hang  Island, 
Detached  Islands:  waJ.ce  Island,  recovered  fpon  OLIVE,  is  still  on?  of 

the  principal  stations  in  the  Tropic  region,  Sven  if  Write  never  had 
aircraft  traffic.,  it  should  be  raini-ained  as  e Class  A weather  observ- 
ing station,  with  Eniwetok  and.  Andersen,  Wake  is  om  of  the  three  Sta- 
tons in  the  entire  Micronesia  vhich  currently  take  oorrplate  twenty-four 


hour  surf  tee  and.  upper  sir  observations. 

Nauru  and  its  twin  sister,  Ocean  Island,  both  under  U.N.  Trusteeship 
(Australia),  have  had  observing  stations  in  the  past  5 yners,  At  the 
present  tins,  surface  observations  are  node  .at  Nauru  and  one  Pibo.l  is 
taken  at  230“'-»2  daily.  It  is  believed  that  ibis  service  la  provided  by 


the  onpxoyeea  of  the  British  Phosphate  Oorpany  located  UX1  flu  « 

Kapinganarangi  Is  situated  on  tho  southern  boundaries  of  Micronesia 
in  such  a position  that  the  trade  routes  of  the  world  have  novor  cone 


close  to  her.  It  is.  a eosnpletoly  detached  Atoll  approximately  1,000 

miss  Southeast  of  Guam.  Regular  weather  observations  from 

would  contribute  greatly  toward?  a better  understanding  of  the  doldrum 


* 


/.a 


rGg'^  01  ^ Irup1^  ^ ^ U“  * few  Lear  insight  into  the  crorS- 


equatorial  relationships  ir.  thr  d*~  ) ,,  * u 

* — — ^“^iop^G.TL  01  typhoons. 


When  it-  is  realized  that  the  cost  for  all  salaries,  supolies. 
equirs,.,,  and  mtoSaM**  or  tb»  Trust  laical  stations  during  tbo  last 
q««rwr  of  Fiscal  Year  1952  vs.  less  than  the  coat  to  complete  three 
vuitur.T.  liLeiti.  IfcstJOimnaisfcitnca  Missions  4+.  „ 

, — ...  ■ — v.  unreasonable 

to  consider  the  establish^  end  ^dntsnance  of  father  observation 


joints  at  '~r 


re  zf.  the  loliiids  mantioned  above , 
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